Abstract
Introduction
Spectrum shortage has been the bottleneck of wireless communication development, in order to overcome this problem, many methods have been proposed. Among them, Cognitive Radio technology is widely attention in recent years [1] . The essence of the cognitive radio technology is dynamically allocated and idle spectrum in order to improve the spectrum utilization. At the same time, the multi-antenna technology in order to make full use of space resources, can exponentially improve system capacity and the focal point of the wireless communication technology [2] [3] [4] . In order to solve the problem of system, relay technology obtained the widespread attention. In the relay technology, two-way relay technology with its high transmission efficiency, confidentiality good performance becomes the object of extensive research [5] . Cognitive radio system in the process of transmission, the main challenge is the primary user system's Quality of Service, at the same time, how to improve the transmission rate of user system. Multiple antenna two-way relay set by the user system, can play the advantages of multiple antennas to improve system capacity, little interference to other systems can also play a relay technology, the advantages of two-way relay technology to ensure the confidentiality of user's system, become the most practical transmission system [6] [7] [8] .
In this system, many studies have been started. Two-way relay [9] to study the single antenna beam forming algorithm of cognitive system, document [10] to study the multiple antenna beam forming algorithm in two-way relay cognitive system and power allocation method, the algorithm under the condition of guarantee the QoS of primary user system, the maximum transmission rate times the user's system [11] .under the multiple users on a two-way relay cognitive system design of beam forming algorithm, under the multiple users on the literature [12] two-way relay of beam forming algorithm of cognitive system security features. However the above literature research are in relay node for full Channel State Information (the Channel State Information, the CSI) conditions. In the actual frequency division duplex system, the relay node to complete CSI need high system cost, so the limited feedback method is proposed, for quantification of channel state information. Compared to these quantitative CSI and complete CSI, quantization error, if you don't change the beam forming algorithm, and can cause interference increases, primary user system and reduces the transmission rate of user system. The work of this paper is based on the statistical properties of the quantization error of the design of beam forming algorithm, to reduce the negative influence of quantization error. In this paper, based on minimum mean square error to optimize the design of the standard beam forming algorithm, simulation results show that the proposed scheme is compared with the existing schemes, the user system capacity and the bit error performance have great ascension.
System Model
System model of the proposed scheme is shown in Figure 1 , the system includes a pair of primary user transceiver, pairs of second users transceiver. Each pair of users in need through the same Relay (Relay Station, RS) for information exchange, primary user has receiving antenna, each second users has antenna, RS has antenna. At the first time slot, all second usesr sends the message to the two-way relay. In the second time slot, two-way relay will sent the signals which have been processing t to the second users. The dotted line represents the interference to primary user. Without loss of generality, assuming that there is no direct communication link between the second users. This system is frequency division duplex system, in the first time slot, second user send the signal to the two-way relay station, so the relay station receives the signal can be expressed as
is the signal which the second user i send, due to the power normalization, so ( ) 
is the channel between the second user and two-way relay. Assuming the channel obey Rayleigh fading channel.
i P is the power of the second user i transmitting in the first time slot.
is the noise that relay terminal receiving. This paper analyses the situation that additive white gaussian noise, the mean to 0, noise variance can be expressed as ( )
Because this article studies the beam forming algorithm under the condition of limited feedback, so set the user's power with the method of average distribution. Because of the second user and the primary users in the same frequencies for transmission, from the second user sends a signal will reach the primary user, thus causing interference to primary user. The primary user receives the disturbance signal can be expressed as
Where is in the primary user of additive white gaussian noise, the mean to 0, the variance is
G is the channel between PU and SU,
. In order to ensure that the user's normal communication, SU interference to primary user cannot exceed a specific value, so denote
In two-way relay, receiving signals sent through linear beam forming algorithm, then treated with beam forming algorithm of signal can be expressed as R = X Fy (4) Where
is the beamforming matrix of relay station, in order to second users on the receiving signal to eliminate the multi-user interference between each other. In addition, the limitation on the relay side has power R P , namely the sending power is no more than rated value, can be expressed as
Among them, ( ) Tr • is on behalf of the matrix of the trace operation. At the second time slot, namely the broadcast phase, a relay node to beam forming processing signal sent out, the user receives the signal can be written as
At SU the receiving beam forming matrix, to eliminate multiuser interference.
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3. Feedback Scheme
are the channel from relay node to SU, and the element is subject to plural independent identically distributed gaussian variables, the mean to 0, the variance is 1, in this paper, the author studies on feedback, the code is built on the fixed quantity, fixed number of bits in the feedback channel, and relay the client and client are set in advance. In code C elements contained This article uses the literature [13] quantization scheme, this scheme adopts the random code, random code of this scheme can achieve the optimal performance; In the option code according to the following standards ( ) 
i S is on behalf of the code in this space of null space, said the normalized projection in value; According to its statistical properties, according to the literature [13] 
is the decomposition of characteristic matrix
H H . Statistical properties [14] so it can get the following: 
Beamforming Algorithm based on MMSE
According to two parts, described earlier in this section, first of all, the optimization function is defined as the primary user interference power conditions, restricted and given to minimize the mean square error of the optimization goal, as the concrete mathematical expression
i ε denotes the Mean square error (mse) of second user ( )
, for its expression
For limited feedback system, the relay side only know quantitative channel state information  i H , the simple direct approach is the base station will quantify the CDI considered accurate CSI, precoding [10] , and this method does not consider the influence of quantization error. In order to consider the effect of quantization error on the system, based on the average MSE in order to optimize the function k B and k A , the joint optimization, and so robust MMSE precoding optimization problems can be summed up in:
From optimizing functional (20) ; ; ; 
( ) ; ; ; ; ;ˆˆˆ(ˆˆ) 
Method 2: Randomly generated a zero mean and unit variance of the gaussian matrix as the initialization matrix sends a beam forming (0), 1,
Algorithm Convergence Problem
By type (24),
and also, by type (25),
Prove completely
Simulation and Results
In this part, using the computer simulation to show the advanced nature of the proposed scheme; In order to simplify the simulation, this paper argues that the user is equal to two-way relay distance. Do not break general, RS and RS is the user to the primary user distance to the user from two times and three times. In this simulation,
2 N = , User and set a time equal to the maximum power of the relay sends, i.e R k t
In the simulation, set up different stages of boundaries are the primary user interference. In limited feedback mechanism, the simulation USES the stochastic high 'flow pattern quantitative code, the number of iterations for 8 times. In order to compare the feedback scheme under the condition of superiority, this paper simulates the feedback bits for the 6 bit and 12 bit. In order to compare convenience, this article proposed solutions respectively compared with the following three schemes: Solution 1: optimal power allocation scheme, the legend of Figure 2 and Figure 3 recorded as " [9] "; Solution 2: to maximize user system transmission rate, Figure 2 and Figure 3 in the legend of recorded as " [10] "; Solution 3: to maximize user system transmission rate and the optimal power allocation optimization, the legend of Figure 2 and Figure 3 as a "joint". Figure 2 in the user's average signal-to-noise ratio ( 0 30dB  ), the maximum mutual information of the user's system, left feedback bits for the 6 bit is the case, as can be seen from the left, the proposed scheme and optimal scheme 3, 2 dB gain, the main reason for CSI scheme 3 is based on the RS obtain complete under the condition of the optimal solution, without considering quantization error exists, from another Angle and you can see, quantitative error affect user transmission rate. Right due to the increased number of bits in the feedback to the 12 bit, RS for CSI is more accurate, the proposed scheme advantages are more obvious, you can see there is a gain of 2.5 dB. As can be seen from the two figure of Figure 2 , the proposed scheme is effective to overcome the influence of quantization error to the user transmission rate. Figure 3 in the same time the user's average signal-to-noise ratio ( 0 30dB  ), the bit error performance of four kinds of schemes are compared, left for feedback bits for 6 bit, the BER curves, we can find that, due to the optimization criteria for the MMSE, so its BER performance advantage is more obvious, the other three kinds of solution with the increase of SNR, the BER curve does not decline, while the proposed scheme has a good BER and convergence with the convergence of mean square error (MSE) have equivalence, from the perspective of the simulation prove that the convergence of the algorithm. Also, the picture on the right of feedback bits of 12 bit, its performance advantages more apparent. 
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Conclusion
The paper studied under the condition of limited feedback, under the condition of ensure the main user QoS, two-way relay by sending a beam forming matrix and the second user receiving beam forming joint processing matrix, to eliminate the interference between multiple users, and effectively suppress the interference to primary user, and the simulation results show that the proposed in this paper, based on the MMSE and the beam forming joint scheme effectively improves the user system of mutual information, and reduces the bit error rate.
